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PURPOSE: To provide a control circuit for slowing tuning ofF a semiconductor power transistor, especially for inductive loads. 
CONSTITUTION: This control circuit possesses means R1. R2, and 18 for limiting the load current flowing to the switch, and 
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the switch in load current limiting phase, moreover keeps the turn off overvottage on or under a specified level. 




LEGAL STATUS 
[Date of request for examination] 

[Date of sending the examiner s decision of r^ection} 

[l^nd of final disposal of application other than the examiner's decision of r^ection or 
application converted registration] 
[Date of fmal cfisposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of reaction] 

[Date of requesting appeal against examiner s decision of rejection] 

[Date of extinction of right] 

Copyright (C): 1998.2003 Japan Patent Office 



BEST AVAILABLE COPY 



(i9)B*H»»j? (jp) (12) ^ # ^ ^ (A) (nmnmm^ikm^n 

^^^¥7- 184367 

(43)^ B ^1^7^(1995) 7 H 21 B 



(BDlnta* «SOTS2^ ffpimm»^ FI 

H 0 2 M 1/08 A 

G 0 5 F 1/56 3 1 0 S 

H0 3K 17/00 9184 -5 J 

17/08 B 9184-5 J 

17/16 G 9184-5 J 

m^^<o».6 



OL (± 7 M) Si»KJw«< 



(21)ttlSIS^ 


4$EI¥6-84305 


(71)UHA 


5940S9683 










(22)ffiiaB 


])'JE£6#(1994)4^22B 
















93830176:9 




-r^'UTB. 95121 fjir--^, ye,h7 


(32)fiE5feB 


1^3^4H26B 




:/u^y-;i' so 


(33)fi^±Sa 


-f^"J7 (IT) 


(72) 










•f^UTH. 95026 T^VVyVr. * 








r:^, tT- U#;V/ 103 








T^^yy—J -fe'J 








-f^"JTB. 95100 %9-:=.f. My 








T. vg:t 5 



















(57) CS$ti} 

fftRI. R2. 1 St. ffa#Ri;®lfflllHlKl 9. 6. 1 

S t o r :^ -f <y ^ SAf>*M- 5f — -so ^ »tiE 

^^LTCOmi'jSlSjf^RfrSfill^l-ftJ^L, A^o. •5'— 




(2) 



*#BB^ 7- 1 8-4 3 6 7 



[lff*Sl 1 #3Ji*®*7.-f •;;^$ffl^*MZ^-l/*• 
:7 -r ^ to<7)»JSPIslffi-e & o T . 

t^^Xtim^\z^r>Xy^\^itt^ilX^mmm (2) it. 

(R2) 
R 1 ) 

m^'yi^ym^in^^'^^tm^^ (6. i 9) 

mi (DII^^IS (13. 14. 1 5) i:. 
^Sfflrr ^ C <t **#»t-r *«!lffl)lilKo 

[ii3}tii2] mtEmzco^i^zfm^- (12) A<itrfsit 

B^IslK (6. 19) lCA*^4x-&. If 1 iCiSKCDiH) 
mi <D^>r^<l-f- (VC) (7?fiSA«fi)iS<7>U'<;U (£5) 

^m^tzt^iztufzmm&i (2) i=A;*3$+v^siiteffi<& 
«^^R^-rsss2o«»i5jK^s (12. 5) 

[ig^^4] muum^mmisi^ (rd $^lt 

flflK&^adS^m^S (R2) ^zntSltHi,m^OX^ 

^m-r^m2<Dmiss (1 s) w!isBm2ros 
s.'y^-^m^ (12) ijitriemi ©AAicenai$*t. iJr 

tSlg4iSS0)«2(7>A:4a^]e(DSi$QS (E2) 

■r«). is^iii. is*ii2xitifi*«3(-teKcD[HiK. 
[!B*iS5] fisEM 1 0TJiiissg (1 1) li. ffisem i 

s©u^)u (E4) s:&-rss*aE€aii-r-6S2«> 

[is^^6] fitemi cDBs^ps (1 3. 14. 1 
5) it. mt^m^(Dmsi=p>:fm^^ (vo ^g<t-r* 
mi a>A*&i;Rjfsa)U'^;u (e6) i^-r^&mmE. 
sa(ir^m2(7)A*s^-r«»htRg ci s) ^t. mu 
umxt}m^ (v i n) Rismtzit^B d 3) /)Nf>(7) 

hrStaSIaJB (14. 1 5) SSfflLT. 3rS(D 
u^^Kcfe^flKltUS (13) *^ibOtii:^fi^;b<^^ 
L*^oinSB§iJffli{i^ (V I N) t^n^LUl^t^lzm^ 

2. tS^^S. »«]S4 3l(i»«]S5lz|BScO[slHo 



[000 1) 
[0 0 0 2] 

[^i^*c;)ft^;5tO^^B^*<8?;*Lcfc5<!:-r^SgI] cfc < ftl 

[0 0 0 3] II^IP4'a)«||i:$^ltL 
T. S±>6::*--::^>ttJB3!i^Xtt^±3S^P-XttlB<;)l^ 

U^(om\z:;t.^ y^:y^i-^t^0^i^m^^\z±t L 

[0 0 0 4] S*MUK3f[ttm^S$*Jffll-r'5C(DJ:5?S 
^ -3 T L ^ L ^ I ^ < O A > C7) a 4^ Po^a ^ g di r -5 o 

[O0 0 5] xs->^3b< {Jizy^mr^i^m^ 
'r^^£t^fil(7)S^aSg^^tAaw^::^^tT) =ju 
^ ^ *<KSttm?5 L ur jEttss V s izmm^titz 

^r^^i:. X-<'v^>^ti^^||MWlC3&:< Lr;J-- 
-5) C ^ 3b < T* ^ i> cfe 3 ^ C <i: A ^ < p {1 $ n -5 r- fe 5 

<? ^ lyT.tznLxmm^iz'Xt < j^-s 1 5 a^*^ u 
[0 0 0 6] Mmts^mmmLo^m-^izit. -^mm 

[0 0 0 7] S?KttlHlK$^t?RaH4&?t<Da^. Po^S 
[0 0 0 8] -tCDa^. «S<Om36U'<>H3fctxT. ^ 

sijwicKTL. ^^tLxnmm^it)<^mizm:^ri>o 
[0 0 0 9] ^(o^otumnm^Rmn^fziibizSii^ 
r^^h^tix^tzztit. mm^n^^^imt^tziboy:^ 

$ -frfeftniE $ ^fzmfii r w y ^ X u n^ituhui'^ti^ 
5c<t. xtt-t<z)ftt)yf::. n±fmm^mis-H>. bts 
cDu^;i.-em?5m5S^«j#r€>4'P8iffjj^ttsi(c. 7.-r'> 

[0 0 10] LA>L<f*<e>. -^Ocfc 5 SKPdT 
[0 0 1 1] m#<0«^. 35B§I^. S3<fX-<^>^>^ 



(3) 



7- 1 8 4 3 6 7 



omsii. v^><ftyt^^mx'$>tlit^^\^t*- 
[0 0 12] '^m<Dm^. m^L»m\3im^t&n^ti. & 

CO'JT^^>;:^S!)»(reactive effect) ;!i<|i<ft^4xr L 
[0 0 13] ZCOCirli. KK»S3!)<g!iittg^i: LT 

[0 0 14] p^s^^^t^i&i^m-^izit. 'mmmE.t<imi 

[0015] COJttSlli. |^^l:i5SB#^1^.fb(^i4^5^ 
[o o 1 6] ;!)^< ur. c:(7)lg^lcfca^r $^4,. 
[o o 1 7] -mzm^^*\.x^fzztv^^t)^. x-< 

-^izlt. HCi^^-f^— K(recirculation diode) . m 
fflix:^;i.:^- (reactive energy) fe-SlMipT 
SS(snubbing circuit) S;^-f *v 5^ <l:3feJiJ(ct5 It r. 

[0 0 18] zo^oUm^t^:^^ -j^:^^'7tymnE. 
[0 0 19] Lfc*<o-c. iHiKii. t'5LXi,^:kX. 

tSi-oXL^^o 

[0 0 2 0] mXX. ^Hh>(D\3imit. 

t\zU^. 
[00 2 1] 

[KSi*«»-r4fc«r>(o^s:;5ti;f^ffi] t^t^hiK^\%. 
^.-h v^''^'y7.^m(r>ii^'^t^u^-i^irvw&mmz^ 

[0 0 2 2] C(D»B^CDftfe(Z>IS»l::J:*lli. 7.-f'>^A< 



[0 0 2 3] C<0c*:5f^, K»f4M?5lcEn^^tlSa3SL 
(D^ttB#ra f C o r KSf $ tl C <t (i ?S I ^« 

[0 0 2 4] zm^^m^u^^mz^^x-^^ ^.-r-v^ 

lcJ:oT 1 iilTOX-f •;/^T^3. — 7^-<-9--r '>;Ka swltc 
h duty cycle below unity) . ^titt^B^fttfeS^cfc y 

[o o 2 5] -f-oji^^tir^^lCcfcor. h^>vx^?;^ 

fAt{'t^<'&itL\z^m-t^^r>\z-t^zti^^x^. zo 

[0 0 2 6] C*t?)0*ijftf*. a* 

•^7^)^^^:^->;^:7^^JffllIHlKT'fe•^T. mSSftiJUEIKi:. 

ingramp generator) tUtQ"^ >':fM±^\zt^^$ti 

xmm'7>y\zt^Lxmmmz^itir^m^m^^tSif& 
A:^»^«-^$stt<bU'<;nc«j#-r'5iHJBt. ffirse^ 

[0 0 2 7] 

[0 0 2 8] S) 1 (COtNTljtB^-r^o m:^h5>vX^ 

tLXS:mi'is l*^U<(itX-ry vXfi-^ltRS^ 
[002 9] h^>vX^3 (^jTLliNPNS) On U 

^^li. iEa3BVS*^t>ttte**i^853H±©154lc}fia 
StL, •&(7)XS 1 0"25j-— AO^-y(;)<SJStJi 

[00 30] h^>vX^ 3a)><-XI*. E»lft23t>^e> 
[00 3 1] h^>vX^» 3a)xs rnXSgRI 

ii4e»i 8<oRHX:h\t. mmn^Bzizimitiio 



(4) 



<*&B¥ 7- 1 84 3 6 7 



[0 0 3 2] 1 8 (Dihtiit. Hi!)® 2 izmm^ 

= E 2 t<f^<i:3&fi:^fiil M|C®J|fi-r-5.*:5ffi»S2 

[0 0 3 3] KfiHWIDS&li. S^^lc. tt»(Di8fflSg/t: 

v;^ttg^il6. 12. 1 3 i:. ^gSal/^^':?^ > 
:^li«}ill§i i<i:. mE7>:^«±(HlSS (^USEIGSS* 
g7. h^>vX^ 8. Q^fttS-r-S) 

^ 1 5 i:. liSAN oy— K 1 4 i:. 

[0 0 3 4] a:®S6(DSIcA*li. Jt(asi stoles 

E3(C}$*S$tLi)o 

[o o 3 5] itRtS6oas:tilis K^>v:^^8(D^— 
[0 0 3 6] 4^^/<*>^9l*. -^03 U^^ t-^-CDXS 

[o o 3 7] u^^(i. ^fz. /<»>:7t 1 0(7:) A 

IiE4ictsm$tt^o 

[0 0 3 8] iiffiS^I KDffi:^!*. tSStiSR 3 ^trt^LT 
ii«H§&i 8c7)|^SfeA:^lcmSE$ni)o 

[0 0 3 9] /<«>:7r 1 0C0Ui:^(±. ^tz. htRSi 
2. 1 3(0|^JKlEA:blc«g|$ix. ^tii^(Oltn»o>R 

tEA*ii. ^tt'^^nsii^aoEE 5. E 6izmsi**ti>o 

[0040] tt^§§1 20!i5:bli. OR'!?-*— hSOA^ 
lC}SeE*tl. ifcRSi 3<0ai:bli. AND>r-h14CD 

[O O 4 1 ] AN D^— h 1 A<Oi>5-y5(^Xt^(t. m 

(Oh^Mt. h^Vix;^^ 1 6a)'<— AfrtSStStL^o 

[0 0 4 2] h5>v;^^16li. ^OXH 

[0 0 4 3] SKfi^fi-^V I Nl*. A*ia^1lc9l3!lD 
^C;!)Nt>itRg4a)A:^&i;NOT 1 5<DA*'^ 

[0 0 4 4] SsUBffE 1 . E2. E6I*. I5ffi± 

(Dm^\zm^th^o3tiR'r^ztt<vs. fflsrcR^? 

[0 0 4 5] -tttt)!*. f*S(^S*lcig-r«»J:'5SSi:: 

[0046] -^(7){HlKl!)<tli. I2l2a>^>r A^A*- hiC 



&i;i8*isgi 1 A^*^)Coai*a3S cxiime) i 2. 

■To 

[004 7] CCD^YA^A^- hi*. 2 0(7)^^^SILfcf* 

^ - > Sg it) I c II -r t C7) T- fe * o 

[0048] ZOm-^. S^mEE4(*. |[P^cfc<0(C 
^L<tftSL. SigSEESf*. E2Ui|L<lftS-rS 

[004 9] h(*. SmE4 = 0lr 

J: o'C:^$tt'&o 

[0 0 5 0] S2C0fti!life#li. l>i:tzt/ I L= I M(D 

;j^^3 3!><. fi^/^;uxv I N<Dn^mmzi)^t^t>^)u< 
m'(^t^\z^-:^:ty^^. ti^^toy^mmr^. 

[00 5 1] COii^. SmaEE4l*. i[P#cfc<. 0 
[0052] hi*. S2SlE4>0l3cfco 

[0 0 5 3] E4 = 0;&^OE 3 = E 2CDii^$% 

[0 0 5 4] ^MTOir^^T 1 iKDralT'l*. ffi^lt^ 

V I Ni*. o(K>m^&ummiy^)\< m?iit. Wimi^^ 
;uo*<a:Siu^;uoic»ff;L. iECDaSvU^;u;&<»Su 
-<;n ir^CS-T'l). irffiSr^) l::fcy, h^>i^:?c.^ 

[0 0 5 5] fi^^$SgEJ!^^36*iTt^^^:l^fca6. h^:xs^ 
X^3(DxS->'$rmEV2l*0t?ty. it®S 6 I* h 7 

vT.^ 8 s^js^^siics^-r^o 

[00 5 61 ^-\7/<V^ 9l*JS»li-L«)e»tt. /<-:'3'T 
1 0A^b<?)tii:tl®EVCI*0i:3t^r y . iifflSl 1 A^^>(D 
m 5£ / a E tli ^ 1 1^ « & ^ o 

[0057] JiiBSl 1 tltRSl 2, 1 

[0 0 5 8] ZOm^^Bit. t&M»(0»±Xitn}E\± 

[0 0 5 9] ^^JT 1 |1J31>T. IECO®E/NVUX/)<*f]^ 
A:ti 1 (z^itti^H. S 2 1^1521 gS2l*h^>vX 
^ 3$^fitt8glc|SSf^o 

[0 0 6 0] LfcA<oT. ass I LI*. mm\zmm 

L. R 2lC^bMt-&®EKT€K«-r'S)o 
[006 1] ZO^oiZLX. V Zlt^m^lzmm-f 

[00 6 2] B^^IT 2lC^>L>r. R 2 II^Slt-SaEKT 
A<mEE3i:€?L</j:y. 1 8 1*. I9:2irx^- 

[0 0 6 3] -^-tltl^^lC. E 3 = E 2 tfiSStlTl^ 



(5) 



1#gB¥ 7- 1 84 3 6 7 



[0 0 6 4] ^-^-/^v-^ 9li3t®^B8JffeL, SEEVCIi 
mm (VC = I G ( t - t 2) /C) lcL/t*<oTiS 

[0065] E4 = 0<7)/=*i. ♦BSnV^^^^T.iiiB 
§§1 1 li. I2 = VC*K=IG{t-t2) *K 

[0066] lt«»6. 1 8C0A*-f >t'-^>Xf*. 
l>*R2$iJ6tu^a3iEI 21*. 8-^(7)A^ffilES 
ZtlZ^-oX. I L/)<. R 1 * I 2 + R 2 ♦ I 

[0067] L/i:;ti<or. I Lli. I 2;!)<lito-r'SlCO 

[0068] mmV^^^5lZ. f&^l 2lCck^R2-C 
(T^mEE^TIi. SEKTI L*R2iZJt»L-CMfflr'# 

[0 069] CCD^ (E4 = 0) -CI*. ^BS=a>^^^ 

11*. Wi^mmtjimv. :r^v^mm<m 

[0O7O] fi^ii-^V I NCD^^dJ:^ h^>vX^ 

3 )b<^ - :7 X (z;*-- ::f >-r -5 <D $ |» Cfc 
I::. 2(*. ®|£VC;6<aEE5 (C(D>r— ;^T- 

I*. O <h ^c*: 3 \zU^^ < S«^;Kr *J U ^ 

y^^'VCiCTJE 5 1 T'^*n§) T 

2^riSft•r-ST3^!)^^,, y-h5$^^LT^2(z. jeu 

[0 0 7 1 ] B$SlT4|CfclxT. h^>vX^3li. ^ 

[0 0 7 2] um^Wt. itKgi 3iccfe-3r'j-fe*> h 

[0 0 7 3] ^>::fmEvc)&< (^ffllT 7 iZfcl^T) S 
itmEE6(c^L<?5:i)i:. IE U^;U*<itiSS 1 3C75tl3 

ANoy-h 1 4?f^^Lr^5Itfi^^l•^A^A 
9(D<tifti*. T 7coit»cDB$sjT eicrr cjc^rr 

[00 7 4] E6$S&^ck<B< L/)^0®SfC<glN^> 

[007 5] E4>0(D«^a)lH]KKftt. ±<HI8T- 
[00 7 6] ca)ii^. h^>vX^ 3frfclt^«3£^ 



>:^l*. B#S!1T 1 /^^^>T 2IC*^ltT. »JffiS 1 8lC«J:o 
2. T5) lCti^5o 

[0 0 7 7] ^$IJT 5ll^>l^T. ®EVCA<SI$®EE 
4lzS|L<<#:^<t. 1(*. ^iSLteM) (E4> 

[007 8] <*:<S«-et«)Ci:T*fc^*^ KB^L/tEl 
»l*. ^->:i-PfflSEl::«-r€)^&Ja3te«a* h^>v 
;^^3lz4^^, iSSE(*MIS$H. ^fzmmiz. ^^fj: 

vX^ 3^iiLT(DiflSc7)S*ttlilc»-r'5>»li$4'^ 
[0 0 7 9] |1iai<^ffi^(*. »^Lt^ll^6«!I^*/<-r 

[0080] h5>v;^^3. 8. 161*. gl^ 

^tltzNPNmh3>V7.^<Di^t>^)\Z, MOSFET 

[008 1] «±S7I*. fititS§T'^^Sl^-5Z<i:;!)<-e 

8l::ctoTl|3KprfigT?fe^o C(7)S^. A:blt. 
Umm^l^ (S*6^lc. it6^S6&u:AN oy- M 4 

[00 8 2] ^ta§gR3l*. 4SS=i >y >7 >X 

liffigi i(©«^izi**BSar^-efey. ignssi ia<« 

[00 8 3] S3I*. h^>vX^ 3<Dffii!l®2S. ^ 

[O O 8 4] e:2l*. 20(0 h^>v?X^ 2 

O. 2 1$mi»L. CCT'|tI#l*. =lU^^*^Sta»J® 

g2 2^^^uriEaEagvslr^i^^F*^. Ji^y^t^h 

^>vX^3 (XI*y-'J>h>«ja(Dh^>i?X^ 
[008 5] h5>v:^^ 2 1 (Da U^^l*. h^>v 

x^3a>-<-xic«tt$^i. x5*:/^l*. -Jf^^Klcts 

[008 6] 2 0(7)^— XI*. h 5 ^ 

[008 7] h5>v;^5' 2 1 0)^— xi*. it4esi 8 

l3cfcoTai:ti$tu4x^-&i;i8jB«#VR$A*i: L 

[0 0 8 8] g^QSSA^fi^QSS I M^iffi^'&«gf»l3S><£ 
i>t^\z\t. h5>vX^2ll*. 3>iiL. h^>vA 
^ ZOiZ^^X ^"^^iyTs^ 3\zW^tS*l^^-y(.m^ii 

&^mz}EiHmLx<f=p>\-'{znmi'tt^^o. mn^ 



(6) 



7- 1 8 4 3 6 7 



[0 0 9 0] z(Dfzi^. mMLtzmmm^i^. m^^oi^ 

[0 0 9 2] L^^LJSji^b. S»aS 
[0093] *fcc*:<M«$H'g)-efe5 5Ci:^£;b^ @ 

mil 



[0 0 9 4] 

[gl@a)fS«^d:t%B^] 

[01] :^^^\zmi>m'c^i)^t^^'->*ymmjsi&(Ditf 

[El 2] H1(D^2J»^;)t^<-^/)^Olip;rlcfclt^aE/m 

[EI3] 0ioiHlKfflh^>v;^^E»ilfi:a)l5]KC!IS5^ 
f islKEl-e&^o 

2-ffilt)S: 

6. 12. 1 3-iii|iMSI/'tXi^g i>7.it»g 

1 B-'m»mmm 

1 9-ffiE^>::/«^Ia]K 

[EI2] 




(7) 7- 1 8 4367 



(51)lnt.CI.6 mmZ^ Itl^fiSS-^ FI ttffiS^ffifi^r 

H0 3K 17/64 9184-5 J 



-f^'JTS. 95024 T^UT— U. 
— -■t'. a;UV v^UT 64 



